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Abstract

The aim of this study was to describe in detail the national macroinvertebrate sampling methods used and
to compare them with a common standard, the STAR-AQEM sampling method. Information on national
methods and field data were collected from 11 countries (Austria, Czech Republic, Denmark, France,
Germany, Greece, Italy, Latvia, Portugal, Sweden, and UK). The sampling included 22 stream types
situated in 11 different Ecoregions. Within each country samples were taken in spring and one additional
season (summer or autumn) using both the national method and the STAR-AQEM method. A single
anthropogenic stressor was also defined for each stream type sampled within the project, with the three
main stressor types being organic pollution (including eutrophication), toxic pollution and habitat deg-
radation. In addition, not impacted reference sites were sampled in each country. A common set of metrics
was calculated and compared between the methods. The majority of national methods employed had many
features in common. Most of the 12 metrics analysed using the values derived from the STAR-AQEM
method and the various national methods correlated significantly, and positively to each other. There was
no clear pattern with respect to the differences between metric results obtained using STAR-AQEM and
national methods. For some metrics, number of EPT-taxa and families, the value obtained was higher when
using the majority of national methods when compared to the STAR-AQEM method. Variability in metric
results between methods could not be explained from differences in sampling effort. Sorting in the field and
sub-sampling appeared to affect e.g., number of taxa found negatively. The results of the present study
supports that inter-calibration in Europe can be undertaken using samples collected with the existing
national methods.

Introduction

Macroinvertebrates are the most frequently used
organism group in biomonitoring of streams and
rivers worldwide (e.g., Metcalfe-Smith, 1996).
Currently more than 50 different approaches for
biomonitoring using macroinvertebrates exist
(De Pauw & Vanhooren, 1983; Metcalfe-Smith,

1996) and most countries in Europe have national
and/or regional monitoring programmes that use
macroinvertebrates (Birk & Hering, 2003). In most
cases each country has developed individual sam-
pling methodology and assessment systems.
Among these are RIVPACS (Wright et al., 2000)
in the UK, IBGN (AFNOR, 1982) in France and
BBI in Belgium (De Pauw & Vanhooren, 1983). As
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the majority of methods have evolved from the
same ancestors, the Saprobic index and the Trent
index (Metcalfe-Smith, 1996), and use a hand net
for sampling in accordance with CEN Standard
EN 27 828 they should have many features in
common. However, until now there has been no
direct inter-comparison of the performance of
various national sampling methods at a European
scale. Johnson et al. (2001) found in an inter-
country comparison that national sampling
methods in the Nordic countries yielded very
similar results.

The EU Water Framework Directive (Directive
2000/60/EC – Establishing a Framework for
Community Action in the Field of Water Policy)
defines a framework for assessing water bodies
including streams and rivers. One of the indicator
groups to be used in WFD monitoring of stream
and rivers are macroinvertebrates. Intercalibration
of the various methods used is essential in pro-
viding a consistent picture of the ecological quality
within the EU. If existing methods cannot be
intercalibrated within an acceptable range of pre-
cision, a common standard on sampling method-
ology should be developed. This is one of the key
questions addressed by the STAR project
(www.eu-star.at) and the main focus of the present
study which was based on data collected from 11
countries (Austria, Czech Republic, Denmark,
France, Germany, Greece, Italy, Latvia, Portugal,
Sweden, and UK). The sampling included 22
stream types, where five were defined as being of
the STAR project type ‘Core stream type 1’ (mid
altitude, 200–500 m.a.s.l., and with a ‘small’
catchment area 10–100 km2), seven were of the
STAR project type ‘Core stream type 2’ (lowland,
<200 m.a.s.l., and ‘medium’ catchment areas
100–1000 km2), whereas ten other stream types
were defined as STAR project type ‘Additional
stream type’ (having a different characterisation).
These stream types are situated in 11 Ecoregions
according to Illies definition (Illies, 1978; as used
in the Water Framework Directive), these were
regions 3, 4, 6, 7, 8, 9, 10, 14, 15, 16 and 18.

The aim of this study was to describe in detail
the national sampling methods used and to com-
pare them against a common standard, the STAR-
AQEM sampling method. We hypothesise that
sampling effort and subsequent sampling treatment
will have a clear impact on the final assessment result.

Our additional aim was therefore to elucidate
what components of the various methods affected
their overall performance.

Material and methods

Sampling strategy

Within each country one or several STAR project
stream types were sampled (see Introduction).
Macroinvertebrate samples were taken in two
different sampling seasons (all partners sampled in
spring and one additional season [summer or au-
tumn]). A single anthropogenic stressor was also
defined for each stream type sampled within the
project, with the two main stressor types being
organic pollution (including eutrophication) and
habitat degradation (Furse et al., 2006). For each
stream type in each country a pre-defined number
of sites were selected to cover all ecological classes
from high to bad quality (poor quality when the
stressor was habitat degradation).

For all sites investigated it were not always
possible to apply both the national and the
STAR-AQEM sampling method. However, in the
comparison of sampling methods data were only
included in the analysis where both sampling
methods for macroinvertebrates were used at the
same site in the same stream and in the same season.
The number of samples used for these comparisons
therefore differed between types, seasons, and
methods used. The analysis undertaken in the
present paper combines season and stream types.

Taxonomic adjustment

Each country has adjusted all of its own taxonom-
ical data, so that there are no biases within each
country’s dataset caused by differences in taxo-
nomic resolution used (e.g., between sampling sea-
sons, where during some seasons it might be more
difficult to identify certain taxa because they are in
early instars). The taxonomic adjustments were
made using common rules within the project.

Comparison of methods

When samples were obtained using a hand net, the
area sampled cannot be completely fixed. However,
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as the sampling effort should be similar as long as
the sampling protocol is followed, the number of
individuals obtained should be directly compara-
ble among samples. In addition, the area sampled
can be roughly estimated from the area disturbed
in front of net multiplied with net width. With
respect to the RIVPACS and the PERLA method
it is assumed that sampling distance is 1 m per
20 seconds and the area was calculated by multi-
plying total sampling length (=sampling time/
20 s) with net width. Using this approximation the
area sampled can be compared among methods.
To further enable an inter-method comparison, a
‘normalised sampling effort’ (NSE) was calculated
for each method using sampled area and mesh size.
The STAR-AQEM was used as base line and was
set to give a NSE value of 1. Consequently, NSE
was calculated using the following formula:

NSE¼ðsamplearea=1:25m2Þ=ðmeshsize=0:5mmÞ

as the STAR-AQEM method samples an approx-
imate area of 1.25 m2 with a 0.5 mm mesh hand
net. The NSE is dimensionless. If the method
included a pick sample it was not used in the
estimation of NSE.

To further allow an inter-comparison of
methods used, a handling-processing score was
calculated divided into a field and laboratory
component. The score is subjective and based
on giving the value 1 to each of the handling-
processing steps which are considered by the au-
thors to be positive for overall assessment quality
(0 if negative), i.e. a high score indicates a high
quality method (8 is maximum). In the field, the
score 1 is given if field sorting is not undertaken, if
no species are removed (1) and if no excess mate-
rial is removed (1). In the laboratory, the score 1 is
given if no live sorting is undertaken (1), if no sub-
sampling is undertaken (1), if sorting is done using
magnification (1), if all individuals are enumerated
(1) and if identification is done to the species level
(1). A sampling method was judged as enumerat-
ing all individuals either if it was an actual total
count of all individuals in the sample or putting
them into abundance classes. In the latter case the
actual number will often be based on estimation.
Identification to the species level means that all
taxa are identified to the best attainable level and
that the subsequent index calculation, to which the

sampling method was developed, is at least partly
based on species information. Project partners
supplied all information on the national sampling
methods for each country to ensure the most up-
dated information. More details on the various
methods can be found in Deliverable 8 of the
STAR project, which is published on the STAR
homepage (www.eu-star.at).

Metrics used

A group of metrics was selected which was gener-
ally applicable and covers various types of stress
(e.g., Metcalfe-Smith, 1996; AQEM manual, 2002;
Birk & Hering, 2003). The metrics vary in intrinsic
properties as to which features of the macroinver-
tebrate community they respond to, i.e. structural
(incl. sensitivity) or functional properties (Table 1).
Metric values were calculated from species data
using the various national methods and the STAR-
AQEM method. This allows for a direct compari-
son of the national method with the STAR-AQEM
method for each country individually.

Statistical analysis

The 12 metrics were calculated from samples
obtained using the various national methodologies
and the STAR-AQEM method. Only main sam-
ples were used (as opposed to replicate samples,
where a second sample was taken in some streams
to estimate sample variability) so that each site was
represented by one sample per season. The
national method and the STAR-AQEM method
was tested using pair-wise comparisons for each
country individually. This was accomplished by
performing a Students t-test, or a non-parametric
Sign test (Sokal & Rohlf, 1995) if the differences in
metric values between the STAR-AQEM and
national method for a given site and season were
not normally distributed. Furthermore the corre-
lation between the STAR-AQEM and national
method was investigated by Spearman’s rank
correlation. For metrics with high correlations, the
functional relationship between the STAR-AQEM
and national method was investigated and esti-
mated. For a number of selected metrics we
plotted their dependence on NSE and the han-
dling-processing score and tested for significant
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differences using one-way ANOVA followed by a
t-test (pair-wise comparisons). Box and whisker
plots were used for plotting NSE and the handling-
processing score versus selected metrics.

Results

Comparison of sampling methods

The majority of sampling methods employed by
the different countries have many features in
common (Table 2). The majority of methods in-
volve an a priori assessment of habitats at the
sampling site, exceptions being the RIVPACS
method and the DSFI method. In RIVPACS,
habitats are sampled in proportion to their
occurrence, which is subjectively assessed by the
surveyor while sampling. DSFI uses a fixed
sampling grid that should cover most habitats
without introducing a sampling bias due to vari-
ability in how surveyors assess the number of
habitats present. All methods, except the Swedish
method, use a multi-habitat sampling approach.
In contrast, it is the only method, which takes
replicate samples to assess inter-sample variabil-
ity. Most methods use standard hand nets with a
width of 25 cm and mesh bag with a 500 lm
mesh size in accordance with the CEN standard
EN 27 828. The samples are therefore semi-
quantitative. A Surber sampler can be used when
employing the STAR-AQEM method, while it is
obligatory when using the French IBGN protocol
with the exception of sampling in lentic areas.
Mesh sizes used vary between 475 and 1000 lm.
Three of the methods (RIVPACS, DSFI and
PERLA) include a pick sample of attached
macroinvertebrates.

The smallest area sampled is 0.4 m2 (IBGN)
and the largest is 2.25 m2 (RIVPACS and
PERLA). NSEs ranged from 0.32 (IBGN) to 1.8
(PERLA). Three methods used field sorting of
the whole sample (IBE, PERLA and the Latvian
method), four collected some species for further
identification in the field (STAR-AQEM, IBE,
PERLA and the Latvian method) and excess
material was removed using most methods. Only
when using DSFI, IBGN and PMP is removal of
excess material in the field not allowed.

Field sorting is only standard when applying
the Italian IBE protocol and the Latvian method
(Table 2). In addition, if samples are brought back
to the laboratory only the IBE method has live
sorting as standard. When using RIVPACS, Por-
tuguese PMP and the Latvian sampling method
live sorting is optional, but dead sorting is rec-
ommended. All other methods rely on the sorting
of dead material. Only the STAR-AQEM method
allows sub-sampling of the entire sample. With
regard to sorting under magnification, enumera-
tion of all individuals collected and identification
to the best attainable taxonomic level, the methods
investigated are highly variable. Enumeration of
all individuals and identification to the best
attainable level increase the biological information
in the sample and hence potentially the quality of
the assessment. The handling-processing score
ranges between 1 (IBE) and 7 (the Swedish
method) with most methods obtaining scores of
either 4 or 5.

Correlation between STAR-AQEM and National
methods

The majority of the 12 metrics analysed using
values derived from the STAR-AQEM method
and the various national methods correlated sig-
nificantly and positively to each other (Table 3).
Only a few correlations were negative. However,
despite being significant a substantial number of
correlations had coefficients below 0.7. Overall,
number of EPT-taxa was the metric that was most
highly correlated when compared among coun-
tries. Also the RETI index was highly correlated in
most countries. The metric with the overall
weakest correlation in an inter-country compari-
son was abundance. Especially four countries
exhibited strong correlations between their na-
tional method and the STAR-AQEM method.
These were the Czech Republic, Germany, Sweden
and the UK. In contrast, especially Italy, but also
Denmark and Portugal, had many weak correla-
tions, although some lack of significance can be
explained from the low number of sites in these
countries. Strong correlations do not necessarily
mean that methods will provide identical results.
However, they show that results from the different
method can be compared.
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Comparison of AQEM-STAR and national methods

No overall clear pattern emerged with respect to
the differences between metric results obtained
using STAR-AQEM and national methods
(Table 4). Within countries, there was, in most
cases, not a consistent pattern when comparing
metrics: some metrics would score higher when
calculated using data obtained by the national
method while other would score lower than the
STAR-AQEM method.

In most cases (64% of the countries) the vari-
ous national methods yielded significantly higher
EPT-taxa values than the STAR-AQEM method.
A similar pattern was evident with respect to
number of families. In 73% of the countries sig-
nificantly more families were found using the
national method. In contrast, the STAR-AQEM
method yielded significantly more EPT-taxa and
families in 9 and 27% of the countries, respec-
tively.

The STAR-AQEM method yielded in general
higher values (e.g. more taxa) than the national
methods in Italy and Latvia when the methods
were significantly different whereas the opposite
was the case in Sweden and Portugal where the
national method consistently yielded higher metric
values than the STAR-AQEM method. In Den-
mark and Germany, significantly more individuals
were found when employing the STAR-AQEM
method whereas the opposite was true with respect
to number of EPT-taxa and families.

Several countries used the RIVPACS method
as their national method (Austria, Germany,
Greece and UK; Table 2). In addition, the Czech
PERLA system is very closely related to the
RIVPACS method (Table 2). Overall, there were
no clearly consistent results among these countries.

Inter-country comparison of metric performance

There was no relationship between abundance of
macroinvertebrates in samples and NSE (Fig. 1a).

(a)

(b)

(d)

(c)

Figure 1. Relationship between normalised sampling effort

(NSE) and abundance (a), EPT-taxa (b), number of families (c)

and number of taxa (d). Median values (circle), 75th and 25th

percentile (top and bottom edge of box, respectively) and 90th

and 10th percentile (top and bottom of error bars, respectively)

are shown.

b
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The French methods IBGN had a significant
higher number of individuals than all methods and
at the same time the lowest NSE (p<0.0001). If
the IBGN method is omitted from the data set
there is a tendency for an increase in number of
individuals caught with increasing NSE. There was
no clear relationship between the number of
EPT-taxa and NSE (Fig. 1b). The IBGN method
caught a similar number of EPT-taxa as the other
methods despite the low NSE. The number of
families found was not related to NSE (Fig. 1c).
As with abundance, the method with the smallest
sampling area and NSE caught significantly the
largest number of families (the IBGN method,
p<0.0001). The number of taxa was, as for the
other metrics tested, not related to NSE (Fig. 1d).
There was a high degree of variability, which ap-
pears to be method specific and cannot be ex-
plained from single variables as NSE.

Abundance was lower in samples with a han-
dling/processing score of 1 (the IBE method)
whereas abundance varied independently of the
score in the range 4–7 (Fig. 2a), except for the
IBGN method catching much more individuals
than the other methods with a handling score of 6.
There was a tendency that the number of
EPT-taxa found increased with increasing han-
dling/processing score, indicating that these taxa
are lost during sample treatment (Fig. 2b). There
was no effect of the handling/processing score on
the number of families found (Fig. 2c) whereas
there was significantly fewer taxa found when
scores were 1 and 2 compared with scores 4–7
(Fig. 2d, p<0.0001).

Discussion

The national methods compared in the present
study had many features in common. All methods,
except the French IBGN method, used a hand net
and in most cases the mesh size was 500 lm in

(a)

(b)

(d)

(c)

Figure 2. Relationship between handling/processing score and

abundance (a), EPT-taxa (b), number of families (c) and

number of taxa (d). Median values (circle), 75th and 25th per-

centile (top and bottom edge of box, respectively) and 90th and

10th percentile (top and bottom of error bars, respectively) are

shown.

b
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accordance with the CEN standard EN 27 828. It
is therefore not surprising that the various methods
yielded comparable results. That different sam-
pling methods will provide almost identical results
have previously been demonstrated in the Nordic
countries (Johnson et al., 2001). They found that
sampling methods from four countries (Denmark,
Finland, Norway and Sweden) yielded very similar
results when sampling was done in one perturbed
and one unperturbed stream in south-central
Sweden. Another study also shows similar results
between RIVPACS and STAR-AQEM (Haase
et al. 2004a). The STAR-AQEMmethod appeared
to collect more individuals and taxa than the na-
tional methods in Italy and Latvia. This could re-
flect the very low handling-processing score
obtained for both countries compared with the
STAR-AQEM method as well as the other
national methods. With respect to Latvia, a further
explanation could be that a number of taxa are not
considered in the national method, and conse-
quently they will not appear in the taxa list. In
Sweden and Portugal, the national method yielded
consistently more taxa, EPT-taxa and families
than the STAR-AQEM method. This could relate
to the use of subsampling in the STAR-AQEM
methodology, which might reduce the number of
taxa found. In the case of Sweden, the higher
number of taxa (all and EPT) and families might
reflect that the sampling effort is concentrated in
riffles which are the most species rich in stream
ecosystems (e.g., Brown & Brussock, 2001). In
Denmark and Germany, significantly more indi-
viduals were found when employing the STAR-
AQEMmethod whereas the opposite was true with
respect to number of EPT-taxa and families.
Again, this might reflect that taxa are lost when
subsampling the large STAR-AQEM sample.

Several countries used the RIVPACS method
as their national method (Austria, Germany,
Greece and UK; Table 2). In addition, the Czech
PERLA system is very closely related to the
RIVPACS method. Overall, there were no clearly
consistent results among these countries. As the
differences cannot be attributed to protocol itself,
they might reflect the way samples were taken in
the individual countries. It has previously been
shown that sampling potentially is a major source
of variation when employing the RIVPACS tech-
niques (Clark, 2000; Dines & Murray-Bligh, 2000).

In the STAR project, a workshop was undertaken
prior to the start of the sampling programme in
which the various methods, including the RIVP-
ACS methodology, were demonstrated in order to
reduce sampling variability among countries. This
might not have been sufficient in reducing the
variability as our results indicate that differences
among countries in how sampling is undertaken
are as important as the intrinsic differences in the
methods employed.

Handling in the field and processing of samples
in the laboratory will affect the quality of the
assessment result. Field sorting, collection of some
species from the sample in the field and removal of
excess material can all potentially reduce sample
quality by the loss of species (Haase et al., 2004b).
Field handling is extremely dependent on the sur-
veyors’ abilities and is affected by weather condi-
tions, time pressure etc. However, removal of
fragile or endangered species can be necessary in
certain cases and any negative impacts on sample
quality should be reduced through training of the
surveyors (e.g., Dines & Murray-Bligh, 2000).
Obligatory live sorting is likely to affect quality
negatively as it introduces a time constraint on the
sorting procedure. Even though this is not obvious
from the NSE value of the STAR-AQEM method,
it collects large amounts of inorganic material,
organic debris and plants, which makes sub-
sampling necessary. Sub-sampling can potentially
reduce the number of species found and hence
affect sample quality negatively and increase
sampling variance (Vinson & Hawkins, 1996).
Sorting under magnification increases the likeli-
hood of finding all species present in the sample,
even the smaller specimens.

In conclusion, the STAR-AQEM method ap-
pears to collect fewer taxa (all and EPT) and
families than the majority of the national methods.
The most likely explanation of this finding is that
species are lost during the sub-sampling procedure
employed by the STAR-AQEM method. How-
ever, an additional explanation could be that the
STAR-AQEM was developed to take samples
habitat proportional, ignoring rare habitats which
might contain additional species (AQEM, 2002).
The advantage of this approach is that it limits
sampling variability by reducing the subjective
element introduced by the surveyor and that it is
likely to be more sensitive towards hydromor-
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phological degradation. Therefore, the lower
number of taxa found in the STAR-AQEM sam-
ples than in the national methods might to some
degree reflect a higher sensitivity to hydromor-
phological degradation. Two methods, the Italian
IBE method and the Latvian method, appear to
lose information about the macroinvertebrate
community to a degree that might affect the
assessment of ecological stream quality. Labora-
tory processing (IBE and Latvian method) and
identification of more species (Latvian method)
would probably improve their performance. De-
spite these differences it is difficult to estimate the
effects of different methods on assessment results.
Differences in single metrics might be covered by a
multi-metric approach. In Germany, for example,
the assessment results (multi-metric system with
scores between 0 and 1) are highly correlated
(Spearman R=0.92) and their differences very
small (mean difference )0.01), when comparing
STAR-AQEM and RIVPACS (Haase et al.,
2004a).

The results of the present study are promising
as it clearly indicates that existing national sam-
pling methods can be relatively easily intercali-
brated as they are in general based on similar
principles. It consequently supports that inter-
calibration among European countries at pres-
ently is undertaken by calculating a common set
of metrics on species lists collected by the indi-
vidual countries using their national methodology
(Buffagni et al. 2005). However, it is important to
keep in mind that many aspects of sampling
methodology, such as sensitivity to different
stressors and stability in time and space, was not
covered by the present analysis. Many of the
national methods were developed to detect or-
ganic pollution, focusing on the collection of
indicator species that might occur in rare habi-
tats. However, pressures on stream ecosystems
change in time and consequently also the stres-
sors acting on the biota. As examples, hydro-
morphology and introduction of exotic species
are increasingly important and will affect assess-
ment results using existing methods/systems in an
inconsistent manner (e.g., Olsen & Friberg, 1999;
Gabriels et al., 2005). Consequently, most meth-
ods should be improved in several aspects and the
revision and improvement of methods should be
an ongoing process.
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